In a number of speech applications, such as coding, synthesis or recognition, it is crucial to make a reliable discrimination between voicedunvoiced segments and accurately determine the pitch period. The problem of an accurate estimation and decision in noisy condition remains open Higher-order statistics (H.0.S) have inherent properties that make them well suited when dealing with a mixture of Gaussian w d non-Gaussian processes. This paper explores the fourth order cumulant using autoregressive (AR(p)) and presents a new algorithm for pitch detection of voiced sounds with and without colored Gaussian noise and shows the superiority of the novel method over the classical methods such as cepstral method.
INTRODUCTION
It is well know that the performance of speech recognition algorithms is gratefully influenced by environmental conditions in which speech is produced, factors which influenced recognition performance include the noise. Most of the methods developed in this area have been based on the second order statistics or the power information.
Higher-order statistics (H.0.S) are a class of tools that have proven potential in such fields as radar, image processing and author, they are of particular value when dealing with a mixture of Gaussian and non-Gaussian processes in non-linear system [ For non zero meiin signal, it is enough to replace
Cepstrum
The cepstrum is defined by the opposite transform of the Iogarithm of the absolute value of the Fourier transform of the signal [4] .
Linear speech production model
Many different models have been postulated for quantitatively describing certain factors involved in the speech process, one of the most used models of acoustical speech behaviour is the linear speech production model developed by Fant [ 5 ] . The speech production model (AR) is show in figure 1.
Fig.1. Linear speech production model
The transfer function H (z) is then:
Where CF represents the system gain and a (i) the AR coefficients.
Many ways exist for determining the AR coefficients, one of which is based on the following normal equation
Where ry is the autocorelation function, It has been shown [3] that the AR coefficient can also be determined using 41h order cumulant, giving the following equation:
With: t = 1,2, ..., p -+ n , n 2 0 and k, = -p, -F + 1, ..., 0
PITCH ESTIMATION
The analysis tries to capture the fundamental frequency of the sound source by analysing the 4 final speech utterance. The fundamental frequency is the dominating frequency of the sound produced by the vocal chords. This analysis is quite difficult to perform. There are several problems in trying to decide which ports of the speech signal are voiced or not, severa1 algorithms have been developed, but no algorithm has been found which is efficient and correct for all situations such as the cepstral method or SIFT method (simplified inverse filtering) which is based on the estimation the of maximum of the autocomelation.
Then, we present in our work the simple novel technique based on the 2"d and 4"' order cumulants using the linear equations ( 6 ) and (7), whercas it's diagram of detection is representcd by the figure 2. Fig.2 Diagram of the estimate of the pitch using the 2nd and 4h order Cumulants.
EXPERIMENTAL RESULTS
The signals used in the applications, consist of 512 sample sections of several voiced sound (Example: Arabic vowels U and i of a girl). First, estimation computes the spectrum of these vowels using the Autoregressive (AR) based on the second and fourth order cumulant ( figures 3 and 4) .
The second estimation concerning the detection of the pitch of the vowels by cepstral method and by the proposed technique using the 2"dand 4 I h order cumulants, the results are given respectively by the figures ( 5 , 6) . By contemplating these different figures one notices that according to the proposed technique analysis, the peaks which represent the fundamental frequencies, are very clear in the two cases (autocorrelation and the fourth order cumulant), in comparison to that obtained by the cepstral method 1304
The estimations of the pitch is then repeated when the vowel U is corrupted by colored Gaussian noise, when the SNR equal 29db, (figure 7) . The values of the pitch corresponding to these peaks and the first three formants of these vowels are given in the table 1 and 2.
Comparing the results in the absence and the presence of the noise, it is observed that the analysis based 4Ih order cumulants preserves its results. 
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CONCLUSION
It has been shown, in this paper, that the 4Ih order cumulant constitutes an efficient tool for the speech signal analysis, and it has also, been shown that the proposed algorithm for pitch estimation gives a better resolution in the two cases, based on the 2"dand 4'h order cumulants over the cepstral method.
The blindness of the 4Ih order cumulant to additive Gaussian noise is an attribute that can be used W h e r to enhance signal analysis in many other fields. 
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